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(57) ABSTRACT 

Semiconductor light emitting device and methods for its 
manufacture comprises a plurality of textured district 
de?ned on the surface of the substrate. The initial inclined 
layer deposition serves to guide the extended defects to 
designated gettering centers in the trench region Where the 
defects combine With each other. As a result, the defect 
density in the upper section of the structure is much reduced. 
By incorporating a blocking mask in the structure, the free 
propagation of extended defects into the active layer is 
further restricted. The present invention is useful in the 
fabrication of semiconductor light emitting devices in mis?t 
systems. 
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SEMICONDUCTOR LIGHT-EMITTING 
DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates generally to the fabrication 

of semiconductor devices such as light-emitting devices in 
mis?t systems. In particular, the lattice defects are guided to 
and contained in designated locations de?ned by textured 
districts on the substrate surface. As a result, the free 
propagation of extended defects through the active region is 
restricted and the overall defect density of the system is 
reduced. 

2. Description of Prior Art 
Lattice-mismatched system such as GaAs/Si is promising 

to obtain large-area wafers for optoelectronic device appli 
cations. However, the quality of the directly disposed layer 
is inferior due to the penetration of threading dislocations in 
this material system. M. Akiyama et al demonstrated GaAs 
layer on Si substrate the using a low-temperature buffer layer 
and a superlattice intermediate layer in U.S. Pat. No. 4,561, 
916. 

Seeded overgrowth has also been used as an alternative to 
obtain single crystalline epilayers deposited over the surface 
of an amorphous mask layer. In the context of epitaxial 
lateral overgrowth (ELO), the seed layer extends through the 
apertures and spreads over the mask surface. The building 
block of the prior art ELO method is the selective epitaxial 
growth (SEG) where no nucleation takes place on the mask 
surface. B. D. Joyce et al reported SEG of Si epilayer over 
the oxide mask using chemical vapor deposition (CVD) in 
Nature, Vol. 195 (1962) pp. 485—486. F. W. Tausch, Jr. et al 
demonstrated GaAs on SiO2 mask using ELO in J. Electro 
chem. Soc. Vol. 12 (1965) pp. 706—709. The ELO method 
has been used to fabricate silicon-over-insulator (SOI) using 
CVD as described by L. J astrzebski et al in J. Electrochem. 
Soc. Vol. 130 (1983) pp. 1571—1580 and by J. F. Corboy, Jr. 
et al in U.S. Pat. No. 4,578,142. 

The ELO method has also been used to deposit GaAs 
epilayers on Si substrate by Y. Ujiie et al in Jpn. J. Appl. 
Phys. Vol. 28(3) (1989) pp. L337—L339. Thus a GaAs layer 
is ?rst grown on the Si(11) substrate using molecular beam 
epitaxy. A SiO2 mask is formed on the GaAs surface by 
photolithography and the GaAs layer is deposited using 
liquid phase epitaxy. The defect density is reduced in the 
overgrown layer where the threading dislocations are 
blocked by the mask layer. Similarly, A. Usui et al described 
the ELO growth of GaN on sapphire using hydride vapor 
phase epitaxy (HVPE) in Jpn. J. Appl. Phys. Vol. 36 (1997) 
pp. L899—L902. R. F. Davis et al described the ELO growth 
of GaN layer on SiC substrate in U.S. Pat. No. 6,051,849. 
The in?uence of the substrate can be further reduced by 
making the ELO layer suspended above the substrate as 
described by S. Kinoshita et al in J. Crystal Growth, Vol. 115 
(1991) pp. 561—566 and by K. J. linthicum et al in U.S. Pat. 
No. 6,177,688. 

The prior art methods have following drawbacks. The 
layer growth from the mask openings allows for the free 
propagation of dislocations into the active layer. As a result, 
multiple ELO steps are required for defect reduction causing 
long cycle time and poor process yield. This restraint can be 
relaxed somewhat by depositing the layers over etched 
surface features with a speci?c inclination angle. However, 
the layer disposition over prescribed surface feature is 
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2 
highly sensitive to the etching defects. The etching defects 
expose random nucleation sites causing adverse micro 
faceting and layer deterioration. Thus structural defects are 
inevitably generated as the growth front attempts to nego 
tiate surface defects with sharp corners and abrupt changing 
curvature. The grown-in defects will multiply and propagate 
into the active region during operation causing premature 
degradation of the device. These drawbacks offset the ben 
e?ts of using the ELO method for defect reduction. 

BRIEF SUMMARY OF THE INVENTION 

The aforementioned de?ciencies are addressed, and an 
advance is made in the art, by using the substrate member 
comprising a textured surface district described in the 
present invention. The controlled layer deposition over the 
textured surface district proceeds such that the inclined layer 
growth in the trench region diminishes in the early stage of 
the process. Since the threading dislocations propagate 
along the growth direction, they are guided towards desig 
nated location and con?ned therein. The free propagation of 
the dislocation defects is thus restricted and the defect 
density in the active layer is signi?cantly reduced. The 
textured district in the present invention comprises a plu 
rality of smooth trenches without a prescribed angle of 
inclination. This allows for the nucleation of smooth semi 
conductor layers over the energetically favorable sites. 

In the present invention, the substrate is patterned using 
conventional lithographic methods, followed by thermal 
anneal to smooth out sharp corners and etching defects. 
After thermal etching and solid-state diffusion, the stripe or 
mesa features become naturally rounded and free of surface 
irregularities. The textured surface district thus obtained is 
essential for the growth of smooth layers without the occur 
rence of chaotic micro-faceting. 
The defect density is further reduced by using the mask to 

block the defect propagation. In this case, the mask district 
is spaced by a plurality of smooth trenches and the layer is 
allowed to dispose around the ledge of the mask. As a result, 
the free propagation of threading dislocations is further 
restricted by the mask district. The semiconductor member 
in the present invention is suitable for the low-cost, large 
area fabrication of mis?t device structures. 

Furthermore, the layer deposition around the mask district 
is altered by varying the aspect ratio of the mask. Due to the 
excessive supply of adatoms migrating from the mask 
surface, the thickness and alloy composition of the layer is 
modulated. As a result, the individual emitter disposed over 
the present mask district emits at a different wavelength of 
the spectrum. The chirped mask design in the present 
invention is useful to digitally synthesize the desirable color 
output of the light-emitting device by tailoring the light 
emission from its component emitters. 
The present invention will be best described in detail with 

reference to the ?gures listed and is described below. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1A is a cross-sectional view showing early layer 
deposition over the textured surface district in accordance 
with the embodiment of the present invention. FIG. 1B 
shows the diminishing inclined layer growth. FIG. 1C shows 
the direction of defect propagation in the structure. 

FIG. 2A and FIG. 2B are cross-sectional views showing 
layer deposition and defect propagation over the textured 
surface district in accordance with another embodiment of 
the present invention. 
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FIG. 3A is a cross-sectional view showing transient layer 
deposition around the ledge of the mask district in accor 
dance with another embodiment of the present invention. 
FIG. 3B shows the merger of layers grown above the mask. 
FIG. 3C shows the direction of defect propagation in the 
structure. 

FIG. 4A and FIG. 4B is a cross-sectional view showing 
layer deposition and defect propagation around the ledge of 
the mask district in accordance with another embodiment of 
the present invention. 

FIG. 5A is a cross-sectional view showing of the chirped 
mask district in accordance with another embodiment of the 
present invention. FIG. 5B shows the layer deposition and 
defect propagation in the structure. FIG. 5C illustrates the 
structure of light emitters fabricated over the chirped mask 
district. 

FIG. 6A shows the mask district comprising blocking 
mask and divider masks in accordance with another embodi 
ment of the present invention. FIG. 6B shows crystallo 
graphic etching pro?le of the structure. FIG. 6C shows 
formation of the trench array inside the window after 
isotropic etching. 

FIG. 7A shows the layout of the mask district comprising 
blocking mask and bridge masks in accordance with another 
embodiment of the present invention. FIG. 7B is a cross 
sectional view showing the bridge masks hanging over the 
center of the trench. FIG. 7C shows transient layer deposi 
tion the direction of defect propagation in the structure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The semiconductor device in the present invention is 
fabricated on a substrate having a textured district de?ned on 
the substrate surface. The textured surface district comprises 
a plurality of etched features such as trenches and mesa 
having a smooth rotation of micro-facets. Accordingly, the 
direction of inclined layer growth is not uniquely prescribed 
by mesa etching. Instead, a spectrum of micro-facets is 
exposed to allow preferential layer nucleation over facets 
with energetically favorable sites. The epilayer deposition is 
solely determined by the growth chemistry and is less prone 
to the etching defects. As the inclined growth proceeds, the 
extended defects such as mis?t dislocation are guided to 
designated locations and the overall defect density in the 
mis?t system is reduced. 

In accordance with an illustrative embodiment of the 
present invention, mesa or stripe features are ?rst de?ned 
over the surface of the substrate using conventional photo 
lithography etching methods. Alternatively, the surface fea 
ture is de?ned on the surface of a buffer layer predisposed 
on the substrate. Exemplary substrates include GaAs, InP, 
spinel, sapphire, GaN, GaN-on-sapphire, GaAs, Si, Si-on 
insulator, SiC, SiC-on-Si. For example, stripes along the 
[011] or the [011] direction are de?ned on the (100)GaAs 
surface using a resist mask or nitride mask following by wet 
etching in an isotropic etchant such as HZSO4zHZOzzHZO 
(101111 by volume). In this case, the etching is diffusion 
limited resulting in a curved etching pro?le. Alternatively, 
the substrate is dipped in an anisotropic etchant such as 

HZSO4zHZOzzHZO, H3PO4zHZOzzHZO and 
NH4OH1HZOzzHZO. Due to the presence of the slow etching 
(111)Ga face, reverse mesa structure or trapezoidal trenches 
are formed for ridges aligned in the [011] and the [011] 
direction, respectively. The detailed etching pro?le has been 
described by D. W. Shaw in Journal of Crystal Growth, Vol. 
47 (1979) pp. 509—517. The nitride mask is then removed 
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4 
using plasma etching in CF4 after the surface trenches are 
formed. The etched surface thus obtained contains sharp 
corners and etching defects that may cause excessive layer 
distortion during the layer deposition. 

In accordance with an illustrative embodiment of the 
present invention, the substrate is further etched after strip 
ping off the etch mask to reduce surface trenches and mesa 
to desirable shapes. For example, the patterned GaAs sub 
strate is solvent cleaned and dipped in HCl to remove 
surface oxide, followed by isotropic etching in 
HZSO4zHZOzzHZO (10:1:1 by volume) or Br3/CH3OH to 
produce a sloped etching pro?le comprising a smooth rota 
tion of micro-facets. The surface features in the present 
invention can be de?ned on the surface of various substrates 
using wet etching, dry etching and photoelectrochemical 
etching. For example, windows along [110] or [110] are 
opened in Si3N4 mask on the surface of Si substrate. After 
dipping in an anisotropic etchant such as KOH; isopropyl 
alcohol solution, V-shape grooves with (111) sidewalls are 
obtained due to the presence of the slow etching (111) plane. 
Alternatively, the masked substrate is directly dipped in an 
isotropic etchant to produce trenches with a curved etching 
pro?le. After stripping off the mask, the patterned substrate 
is further isotropically etched in HNO31CH3COOH1HF. 

In accordance with an illustrative embodiment of the 
present invention, the substrate is further thermally annealed 
to polish off sharp corners and etching defects. After dipping 
in HZSO4/HZOZ/HZO and HCl to desorb the surface oxide, 
the substrate is loaded into the growth chamber and heated 
to the anneal temperature. Exemplary process conditions are 
820° C. for 30 minutes in an arsine ambient for GaAs 
substrate to preserve surface quality. This effectively con 
verts the sharp corners into a sloped pro?le comprising a 
smooth rotation of micro-facets. The smooth surface feature 
in the present invention is essential for the deposition of low 
defect density structures suitable for device applications. 
The preferred method for the layer deposition on the 

patterned substrate in the present invention includes meta 
lorganic vapor phase epitaxy (MOVPE) and hydride vapor 
phase epitaxy (HVPE). Typical source nutrients in MOVPE 
include trimethyl compounds such as TMGa, TMIn, TMAl 
for group III elements, and group V hydrides such as NH3, 
PH3 and AsH3 for the group V elements. Disilane, H2Se and 
(Me)2Zn, CpZMg are used as the n- and p-type dopants, 
respectively. 

FIG. 1A is a cross-sectional view showing initial layer 
deposition over the textured substrate surface in accordance 
with the embodiment of the present invention. The layer 
deposition proceeds in a manner such that the inclined layers 
12 emerging from the adjacent slopes meet and combine in 
the trench region. As the growth proceeds, the inclined 
growth diminishes and the upper section 14 of the structure 
becomes planar as shown in FIG. 1B. Thus the inclined 
layers are con?ned and embedded in the early stage of the 
deposition. Since the dislocation propagates along with the 
advance of the growth front, it is also inclined away from 
propagating upwards. The dislocation defects are guided 
towards the center of the trench where the counter approach 
ing dislocations confront each other and combine as illus 
trated in FIG. 1C. 

In contrast to the prior art methods, there is no prescribed 
plane for the layer to grow. The layer has an equal oppor 
tunity to grow on all of the exposed facets. During the course 
of deposition, the surface adatoms migrate over growing 
surface and preferentially incorporate into facets of ener 
getically favorable sites. Thus the precession of layer depo 
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sition does not necessary register the contour of the starting 
substrate. Instead, the growth behavior is uniquely deter 
mined by the growth ambient such as substrate temperature, 
V/III ratio, growth rate, reactor pressure, and carrier gas 
composition. The orientation-dependent layer deposition has 
been described by D. W. Shaw in GaAs symp. (1968) pp. 
50—54. By incorporating the present textured surface district, 
the inclined layer growth is further optimized such that the 
extended defects are deliberately routed to designated get 
tering centers in the trench region. As a result, the overall 
defect density in the mis?t system is much reduced. 

FIG. 2A is a cross-sectional view showing layer deposi 
tion and defect propagation using the textured district in 
accordance with another embodiment of the present inven 
tion. As the growth proceeds, the transient nonplanar growth 
22 becomes planar 24 as the inclined layer merges with its 
counter part. The results are similar when the trenches are 
spaced by a base feature as illustrated in FIG. 2B where the 
arrows indicates the direction of defect propagation. The 
defect level is much reduced after the counter propagating 
threading dislocations combine in the trench region. 

The emerging planar surface is suitable for the deposition 
of semiconductor device structures. Direct penetration of 
mis?t dislocations is only possible from the open ridge and 
from the trench center where the traveling dislocations 
combine. Thus the present trench array acts as a chain of 
local defect gettering centers. Furthermore, the mis?t stress 
and thermal stress of the system is distributed across the 
trench array in the present invention. As a result, the overall 
interfacial stress is lower and the bending of the epiwafer is 
reduced. The present invention is suitable for the fabrication 
of high quality device structures on large area, low-cost 
substrates. Due to the lack of insulating mask, the present 
device is advantageous for low voltage operations with a 
vertical or lateral current injection scheme. 

In accordance with another embodiment of the present 
invention, the mis?t defects from the open ridge are further 
reduced by the etch mask. Speci?cally, the layer is allowed 
to deposit around the ledge of the mask overhang. In this 
case, the mask is retained as part of the device structure. For 
example, a nitride mask is formed on the surface of the 
substrate followed by anisotropic etching. Due to the pres 
ence of the slow etching (111)Ga face, reverse mesa or 
trapezoidal trenches are formed for ridges aligned in the 
[011] and the [011] direction, respectively. Examples of the 
dielectric etch mask include SiOZ, Si3N4 and their combi 
nations. In this case, the extent of mask undercut U is 
expressed by U=R<111)t/sin 6 where Run) is the etch rate of 
the (111) planes and t is the etching time. The angle 6 
between the {111} planes and the (100) surface is ~55°. 
Examples of the anisotropic etching of Si using an aqueous 
solution containing pyrocatechol and ethylene diamine has 
been described by E. Bassous et al in J. Electrochem. Soc. 
Vol. 125 (1978) pp. 1321—1327. The wafer is then subjected 
to isotropic etching to render a smooth etching pro?le 
suitable for layer deposition. 

The geometry of the mask district in the present invention 
facilitates the inclined layer growth inside the trench region 
as shown in FIG. 3A. As the growth proceeds, the inclined 
growth 34 becomes planar 38 as shown in FIG. 3B. The 
defects extended from the undercut region are blocked by 
the ledge of the mask district as depicted in FIG. 3C. As a 
result, the free propagation of threading dislocations from 
the open ridge is prohibited. The defects outside of the 
undercut region are guided to the trench region as described 
above. 

FIG. 4A is a cross-sectional view showing layer deposi 
tion and defect propagation using the mask district in 
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6 
accordance with another embodiment of the present inven 
tion. In this case, trenches are ?rst formed by etching of the 
substrate 40 through openings de?ned in the mask district 
42. As the deposition proceeds, planar layers 44 develop at 
the expense of the inclined layer growth in the trench. The 
layers emerging from the trenches confront and combine at 
the center of the mask. Further growth leads to layer 
planarization 46 of the upper section of the structure. The 
mask district 42 is embedded in the structure and retains a 
part of the device. The results are similar when the trenches 
are spaced by a base feature as illustrated in FIG. 4B where 
the arrows indicate the direction of defect propagation. The 
defect level in the upper section 46 and 46A is much reduced 
as the counter propagating threading dislocations combine in 
the trench region. The structure of the present semiconductor 
member is advantageous since only the threading dislocation 
from the center of the trench may ?nd its way to reach the 
active layer. 
The present mask design is not restricted by the extent of 

the mask overhang. Changing the window-to-mask ratio 
affects the layer deposition rate and alloy composition in the 
trench region while the growth habit remains unaltered. In 
the extreme case of excessive mask overhang, voids may be 
left behind owing to the restricted supply of nutrients 
reaching the corner of the undercut. In the extreme case of 
excessive trench width, inclined growth is less effective in 
preventing the extended defect from reaching the active 
region. A thicker layer is required to contain the defects 
causing bow and warp of the wafer. It is another objective 
of the present invention to alleviate the constraint of trench 
width by dividing the wide trench into a plurality of spaced 
narrow trenches. 

In accordance with another embodiment of the present 
invention, the mask district further provides desirable func 
tionality to the device. For light-emitting devices, the mask 
district may contain a plurality of re?ective mirrors spaced 
by etched trenches. After deposition, the re?ective mask is 
embedded at the substrate interface. Thus the downward 
emitted light is re?ected back and redirected to the top 
surface for exit. As a result, the substrate absorption loss of 
light emission is reduced and the extraction ef?ciency of the 
device is enhanced. The re?ective mask district in the 
present invention allows for the use of substrate that is either 
transparent or absorbing at the wavelength of the light 
emission. Examples of dielectric mirror masks include 
Si/SiOZ, SiOZTiO2 in the infrared, SiOZ/ZrO2 in the visible, 
HfOZ/SiO2 in the blue and UV region of the spectrum, 
respectively. Conventional e-beam evaporation and reactive 
ion beam sputtering methods are employed to dispose the 
mirror stacks. Examples of re?ective metal masks include 
transitional metal elements such as W, Ta, Ti, Pt, Pd, Ni, Au, 
Cr, Ag, Cu. The mask districts are fabricated by conven 
tional photolithographic methods followed by wet etching or 
plasma etching of the substrate. Conventional etchants for 
the dielectric masks include HF, BHF, H3PO4, H2504, 
NaOH(~30%). The fabrication of the dielectric mirror masks 
has been described by Y-K Song et al in Appl. Phys. Lett. 
Vol. 74, No. 23 (1999) pg. 3441—3443. The selection of the 
metal mask is solely based on its thermal and chemical 
stability in the growth ambient and the low absorption loss 
at the emission wavelength of the device. Both types of the 
mirror masks have a high re?ectivity and a broad bandwidth. 
The dielectric mirror mask has a high index ratio suitable for 
the design of highly re?ective mirrors using a minimum 
number of quarterwave pairs. The metal mask has a high 
thermal conductivity suitable for heat dissipation and con 
tinuous operation of the device. The low resitivity of the 
metal mask further allows for low voltage operation of the 
device. 
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In accordance with another embodiment of the present 
invention, the mask district further comprises chirped 
trenches with modulated window-to-mask ratio. As illus 
trated in FIG. 5A, mask district 52 with variable openings is 
photolithographically de?ned on the surface of the substrate 
50, followed by substrate etching to form isotropic trenches 
54A and 54B with mask undercut. After dipping in acids to 
remove surface oxide, the substrate is loaded into the growth 
chamber and heated to the growth temperature. During the 
growth, the surface adatoms migrate across the mask surface 
before lodging into facets of energetically favorable site. 
The incorporation ef?ciency depends on the distribution of 
the surface adatoms across the structured surface. As shown 
in FIG. 5B, the alloy composition and thickness is different 
in local layer depositions 56A and 56B in the chirped trench 
array. This effect is more profound for layer deposition in 
narrow mask opening due to the abundance of adatom 
supply from the non-sticking dielectric mask. 

The chirped mask district in the present invention pro 
vides another degree of freedom in the fabrication of devices 
with desirable properties. As illustrated in FIG. 5C, a light 
emitting device is disposed on the surface of the chirped 
mask array 52 comprising a buffer layer, a lower cladding 
layer 58, an active layer 51, an upper cladding layer 53, and 
a contact layer. Lateral injection schemes are then deployed 
for insulating substrate such as sapphire while vertical 
injection schemes are deployed for conductive substrates 
such as GaAs, SiC and Si. The mask district also provides 
the isolation between the individual emitters. The path of 
current ?ow is con?ned by the openings in the SiO2 ?lm 55 
and mask district 52 after forming front contact metal 57A 
and back metal 57B. Since the rest area is not pumped, the 
heat dissipation is reduced leading to reliable operation of 
the device. It also minimizes the in?uence of edge distortion 
of the layer disposed under non-optimized conditions. As a 
result, the uniformity of light emission of the device is 
improved. The individual emitters 59A and 59B emit at a 
different wavelength of the spectrum uniquely determined 
by the thickness and composition of the active layer. The 
hybridization of the light emission from the component 
emitters determines the light output of the device. The 
weight of color components can be readily modulated by 
adjusting the number of emitters in each group. Thus by 
proper design of the mask layout, the color and the bright 
ness of individual emitter can be tailored to achieve the 
desirable color gamut of the light output of the device. 
Moreover, the hybrid emitter design in the present invention 
has a high quantum ef?ciency and thus more energy-ef?cient 
than the conventional phosphor-based lighting devices. 

In accordance with another embodiment of the present 
invention, the constraint of window size is alleviated by 
dividing the wide window into a plurality of narrow 
trenches. The initial layer deposition comprises a series of 
inclined portions within the window. Instead of freely propa 
gating upwards, the extended defects are routed to the 
bottom of the window region where they are contained. As 
a result, the defects are distributed across the local gettering 
centers prescribed inside the window and the defect density 
of the device is reduced. The fabrication process is illus 
trated in FIG. 6A—6C. The mask district 62 is de?ned on the 
substrate surface using conventional photolithographic 
methods, comprising blocking mask 62A and divider mask 
62B spaced within the etch mask. After anisotropic etching, 
spaced trenches 64A and 64B are formed undercutting the 
etch masks 62. The substrate 60 is then subjected to isotropic 
etching to achieve the desirable etching pro?le. Further 
etching triggers the liftoff of the narrow divider mask as it 
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becomes unsupported, leaving behind an array of narrow 
trenches 66A and 66B in the window. The layer deposition 
and defect reduction in the window region follows that 
depicted in FIG. 1. Thus the constraint of window size is 
alleviated using the present divider mask design. The use of 
subdivided window in the present invention is advantageous 
since a thinner layer is needed for defect con?nement. The 
diffused metallurgical interface between the layer and sub 
strate further contributes to a lower stress level in the wafer. 
Thus the wafer bow and warp is reduced leading to a high 
process yield of the present device. 

In accordance with another embodiment of the present 
invention, the defect propagation in the trench region is 
restricted by using mask districts further comprising a 
plurality of bridge masks. In this case, the bridge mask is 
hanging over the trench region and is retained as part of the 
?nished structure. FIG. 7A shows a planar view of the layout 
of the mask district. The mask districts are mechanically 
supported by spaced posts aa which is aligned with the 
sawing street. FIG. 7B is a cross sectional view of the mask 
district 72 along bb showing the blocking mask 72A and 
bridge mask 72B. Due to its narrower width, the bridge 
masks 72B become suspended during anisotropic etching. 
The etching is complete after undercutting the blocking 
mask 72A. The substrate 70 is further isotropically etched to 
obtain a smooth etching pro?le. FIG. 7C shows the gettering 
of the extended defects in the layer disposed around the 
suspension bridge. In this case, the planar layer growth in the 
center of the trench is suppressed while the inclined growth 
is enhanced. As a result, the defect gettering is more ef?cient 
as the escaping defects are blocked by the bridge mask array. 
Further deposition leads to planarization of the layer 74 with 
a low defect density suitable for the fabrication of semicon 
ductor devices such as light-emitting devices in the mis?t 
systems. 

I claim: 
1. A semiconductor light-emitting device comprising: 
a substrate; 
a textured district de?ned on the surface, of said substrate 

comprising a plurality of etched trenches having a 
sloped etching pro?le with a smooth rotation of micro 
facets without a prescribed angle of inclination; 

a ?rst layer disposed on said textured district; comprising 
a plurality of inclined lower portions so as to guide the 
extended lattice defects away from propagating into the 
active layer, said ?rst layer and said substrate form a 
lattice-mismatched mis?t system, said substrate is 
selected from the group comprising group III-V, group 
IV, group II-VI elements and alloys, ZnO, spinel and 
sapphire; and 

a light-emitting structure containing an active layer dis 
posed on said ?rst layer. 

2. The device or claim 1, wherein said ?rst layer has an 
upper planar portion with slow defect density. 

3. The device of claim 1, wherein said textured district is 
formed on a buffer layer disposed on said substrate. 

4. The device of claim 1, wherein said textured district 
comprises a plurality of chirped trench array. 

5. A semiconductor light-emitting device comprising: 
a substrate; 
a textured district de?ned on the surface of said substrate 

comprising a plurality of mask districts spaced by 
etched trenches having a sloped etching pro?le with a 
smooth rotation of micro-face without a prescribed 
angle of inclination; 

a ?rst layer disposed on said textured district; comprising 
a plurality of inclined lower portions so as to guide the 
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extended lattice defects away from propagating into the 
active layer, said ?rst layer and said substrate form a 
lattice-mismatched mis?t system, said substrate is 
selected from the group comprising group III-V, group 
IV, group II-VI element, and alloys, ZnO, spinel and 
sapphire; and 

a light-emitting structure containing an active layer dis 
posed on said ?rst layer. 

6. The device of claim 5, Wherein said mask district 
comprises a plurality of edge undercut portions such that the 
propagation of extended defects from said undercut portions 
is blocked by the ledge of said mask district. 

7. The device of claim 5, Wherein said mask district 
further provides isolation for independent operation of the 
individual light emitters disposed on said mask district. 

8. The device of claim 7, Wherein said individual light 
emitters emit at a different wavelength. 
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9. The device of claim 8, Wherein the light output of the 

device relies on color miXing of the component light emis 
sion from said individual light emitters. 

10. The device of claim 5, Wherein said mask district 
further comprises a plurality of re?ective mirror stack. 

11. The device of claim 10, Wherein said re?ective mirror 
stack is selected from the group comprising metal and 
dielectric quarter-wave plates. 

12. The device of claim 5, further comprising a bridge 
mask hanging over said etched trenches. 

13. The device of claim 5, Wherein said etched trenches 
are further subdivided into a plurality of narrow trenches. 

14. The device of claim 5, Wherein said mask district 
further comprises a chirped mask district having a modu 
lated Window-to-mask ratio. 
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EX PARTE 
REEXAMINATION CERTIFICATE 

ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

Claims 1 and 3 are determined to be patentable as 
amended. 

Claims 2 and 4, dependent on an amended claim, are 
determined to be patentable. 
New claims 15-18 are added and determined to be 

patentable. 
Claims 5-14 were not reexamined. 

1. A semiconductor light-emitting device comprising: 
a substrate; 
a textured district de?ned on the surface of said substrate 

comprising a plurality of etched trenches having a 
sloped etching pro?le with a smooth rotation of micro 
facets without a prescribed angle of inclination; 

a ?rst layer disposed on said textured district[;], compris 
ing a plurality of inclined lower portions [so as to guide 
the extended lattice defects away from propagating into 
the active layer], said ?rst layer and said substrate form 
a lattice-mismatched mis?t system, said substrate [is 
selected from the group comprising] having at least one 
of a group consisting of group III-V, group IV, group 
II-VI elements and alloys, ZnO, spinel and sapphire; and 

a light-emitting structure containing an active layer dis 
posed on said ?rst layer, whereby said plurality of 
inclined lower portions are con?gured to guide extended 
lattice defects away from propagating into the active 
layer. 
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3. [The device of claim 1, wherein said textured district if 

formed on a buffer layer disposed on said substrate] A semi 
conductor light-emitting device comprising: 

a substrate; 
a bu?er layer disposed on said substrate; 
a textured district de?ned on a surface of said bu?er com 

prising a plurality of etched trenches having a sloped 
etching pro?le with a smooth rotation of microfacets 
without aprescribed angle ofinclination; 

a ?rst layer disposed on said textured district, comprising 
aplurality ofinclined lowerportions, said?rst layer and 
said substrate form a lattice-mismatched mis?t system, 
said substrate having at least one of a group consisting 
ofgroup HI- V,group [V,group II- VI elements and alloys, 
ZnO, spinel and sapphire; and 

a light-emitting structure containing an active layer dis 
posed on said ?rst layer, whereby said plurality of 
inclined lower portions are con?gured to guide extended 
lattice defects away from propagating into the active 
layer. 

15. A semiconductor light-emitting device comprising: 
a substrate; 
a textured district de?ned on the surface of said substrate 

comprising a plurality of etched trenches having a 
sloped smooth etching pro?le without sharp corners and 
without aprescribed angle ofinclination; 

a ?rst layer disposed on said textured district, comprising 
aplurality ofinclined lowerportions, said?rst layer and 
said substrate form a lattice-mismatched mis?t system, 
said substrate having at least one of a group consisting 
ofgroup HI- V,group [V,group II- VI elements and alloys, 
ZnO, spinel and sapphire; and 

a light-emitting structure containing an active layer dis 
posed on said ?rst layer, whereby said plurality of 
inclined lower portions are con?gured to guide extended 
lattice defects away from propagating into the active 
layer. 

16. The device ofclaim 15, wherein the sides ofsaid etched 
trenches are smooth. 

1 7. The device ofclaim 15, wherein the sides ofsaid etched 
40 trenches are without sharp corners. 

18. The device ofclaim 15, wherein the sides ofsaid etched 
trenches are without aprescribed angle ofinclination. 

* * * * * 


